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CONNECTION METHOD AND CONNECTION STRUCTURE 
OF PAD ELECTRODES, AND INSPECTING METHODS 
FOR CONNECTION STATE THEREOF 

[0001] This application is related and claims priority under 35 U.S.C. § 119 to 
Japanese Patent Application No. 2000-312192, filed October 12, 2000, the entire 
contents of which are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a connection method, a connection 
structure, and inspecting methods for the connection state when pad electrodes 
(component-side pad electrodes) formed on a component and pad electrodes 
(substrate-side pad electrodes) formed on a substrate are each connected by solder 
bumps. 

2. Description of the Related Art 

[0003] As an example of connection structure for connecting each of the 
component-side pad electrodes formed on a component and one of the substrate- 
side pad electrodes formed on a substrate by means of a solder bump, a connection 
structure as disclosed in Japanese Unexamined Patent Application Publication 9- 
82760 (see U.S. Patent No. 5,914,536, an English language patent family 
member) is known. 

[0004] As shown in Figs. 7A and 7B herein, this connection structure is one 
wherein the semiconductor chip (surface-mount component) 111, in which a 
plurality of terminal electrodes (component-side pad electrodes) 112 is provided 
on the bottom surface thereof, is mounted onto a wiring substrate 113, and 
wherein each of the wiring patterns (substrate-side pad electrodes) 114 provided 
on the wiring substrate 113 and one of the component-side pad electrodes 112 are 
electrically connected by a bump (solder bump) 115. In this connection structure. 
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each of bumps 115 is formed of solder 115a, and a metallic core 115b using Cu or 
the like. The portion (the outer peripheral portion) formed at the outside of the 
outer edge of the region corresponding to the plan view of the semiconductor chip 
111, out of the solder 115a, makes contact with a solder resist 117 formed on the 
wiring patterns (substrate-side pad electrodes) 114. 

[0005] In this connection structure, the reflow method is used for mounting a 
semiconductor chip onto the circuit board 113 of the semiconductor chip 111. 
Specifically, the connection is performed using the following method. 
[0006] (1) First, a metallic core 115b is formed on each of the terminal 
electrodes 112 of the semiconductor chip 111, and a bump 115 is formed by 
covering the metallic core 115b by solder 115a. 

[0007] (2) Then, the semiconductor chip 1 1 1 is positioned and mounted on the 
wiring patterns (substrate-side pad electrodes) 114 on the wiring substrate 113, 
and after the solder 115a of each of the bumps 115 has been melted, the solder 
115a is cooled down to solidify it. 

[0008] In this manner, each of the terminal electrodes 112 and one of the wiring 
patterns (substrate-side pad electrodes) 114 is connected by a bump 115, and thus 
the semiconductor chip 111 is mounted onto the wiring substrate 113. Herein, the 
melted solder 115a flows and spreads over the wiring patterns (substrate-side pad 
electrodes) 114, which has a good solder wettability, and is stopped by the solder 
resist 117. Hence, by setting the amount of the solder 115a of the solder bump 
115 and the area of the portion which is not covered with the solder resist 117 of 
the wiring patterns (substrate-side pad electrodes) 114 to an appropriate value, the 
contact area between the bumps 115 and the wiring patterns (substrate-side pad 
electrodes) 114 can be made constant, thereby ensuring a stable connection state. 
[0009] In the above-described conventional connection structure, however, the 
substrate-side pad electrodes 114 are formed so as to be extended to the outside of 
the outer edge of the region corresponding to the plan view of the semiconductor 
chip 111. This makes it difficult to apply this connection structure to the case 
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where surface-mount components such as semiconductor chips are mounted at a 
high density. In addition, this raises a problem in that the miniaturization of the 
product which is obtained by mounting semiconductor chips and the like is 
restricted. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made to solve the above-described 
problems. The object of the present invention to provide a connection method and 
a connection structure, using solder bumps, for component-side pad electrodes and 
substrate-side pad electrodes, and inspecting methods for the connection state 
thereof which are adaptable to high density mounting, and which allow the 
miniaturization of a product formed by mounting a surface-mount component onto 
a substrate. 

[0011] In order to achieve the above-described object, the present invention 
provides a method for connecting each of component-side pad electrodes and one 
of substrate-side pad electrodes, when a surface-mount component wherein 
component-side pad electrodes are formed on the surface thereof opposed to a 
substrate, and wherein solder bumps are formed on the component-side pad 
electrodes, is mounted onto a substrate, wherein substrate-side pad electrodes are 
formed on the surface thereof. This method is characterized by comprising 
arranging the substrate-side pad electrodes inside the region corresponding to the 
plan view of the surface-mount component (hereinafter, referred to as the 
"component-corresponding region"); setting the size of each of the substrate-side 
pad electrodes, in the direction substantially perpendicular to the outer edge of the 
component-corresponding region (hereinafter, referred to as the "length of 
substrate-side pad electrodes"), larger than that of the corresponding component- 
side pad electrode, in the direction substantially perpendicular to the outer edge of 
the surface-mount component (hereinafter, referred to as the "length of 
component-side pad electrode"); and placing the surface-mount component on the 
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substrate so that each of the solder bumps are opposed to a predetermined 
substrate-side pad electrode, and melting the solder bumps by heating, thereby 
connecting each of the component-side pad electrodes and one of the substrate-side 
pad electrodes through the solder. 

[0012] In the connection method for the pad electrodes in accordance with the 
present invention, the substrate-side pad electrodes are arranged inside the 
component-corresponding region; the length of each of the substrate-side pad 
electrodes is set to be larger than that of the corresponding component-side pad 
electrode; and the surface-mount component is placed on the substrate so that each 
of the solder bumps are opposed to a predetermined substrate-side pad electrode, 
and heated to melt the solder bumping. Therefore, the solder which flows and 
spreads over each of the substrate-side pad electrodes, allows each of the 
component-side pad electrodes and one of the substrate-side pad electrodes to be 
connected with reliability. 

[0013] Also, since each of the substrate-side pad electrodes is formed inside the 
component-corresponding region, a high-density mounting can be achieved 
without risk of generating short-circuiting, as well as the miniaturization of the 
products can be met. Furthermore, the interconnection between the substrate-side 
pad electrodes and the substrate side can be achieved by connecting to the wiring 
formed inside the substrate or on the back surface thereof through, for example, 
via holes or through holes. Thereby, a configuration wherein the substrate-side 
pad electrodes or wiring are not formed outside the component-corresponding 
area, can be obtained. 

[0014] Moreover, since the length of each of the substrate-side pad electrodes is 
set to be larger than that of each of the component-side pad electrodes, it is 
possible to make a pass/fail discrimination, with ease and reliability, of the 
connection state of the pad electrodes by detecting the shapes of the solder (solder 
bumps) after they have been melted and have connected the pad electrodes, for 
example, in a nondestructive inspection by X-ray imaging. Specifically, if the 
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solder bumps still have unchanged shapes, it will be recognized that the solder 
bumps have not yet been melted and flowed, while if the solder bumps have 
shapes other than the original shapes thereof, it will be recognized that the solder 
bumps have been melted and flowed, and consequently that each of the 
component-side pad electrodes and one of the substrate-side pad electrodes are 
connected by the solder with reliability. 

[0015] In the present invention, as a substrate, a low-temperature sintered 
multilayer substrate, a resin substrate, an alumina package, or the like may be 
used. 

[0016] When the low-temperature sintered multilayer substrate is used as a 
substrate, electrodes each formed by plating a thick-film copper electrode with 
nickel and gold may be used as substrate-side pad electrodes. When the resin 
substrate is used as a substrate, electrodes each formed by plating a copper foil 
with nickel and gold may be used as substrate-side pad electrodes. Also, when the 
alumina package is used as a substrate, electrodes each formed by plating a 
tungsten electrode with nickel and gold may be used as substrate-side pad 
electrodes. 

[0017] However, other types of substrates and/or other types of substrate-side 
pad electrodes may be employed instead. 

[0018] In the above-described connection method for the pad electrodes, 
preferably, the width of each of the component-side pad electrodes and that of the 
solder bump on each of the component-side pad electrodes are set to be larger than 
that of each of substrate-side pad electrodes. 

[0019] By setting the width of each of the component-side pad electrodes larger 
than that of each of the substrate-side pad electrodes, and by setting the width of 
the solder bump on each of the component-side pad electrodes larger than that of 
the substrate-side pad electrode, it becomes possible to increase the flowing-in 
amount of solder in the longitudinal direction of each of the substrate-side pad 
electrodes, and thereby to improve the accuracy of a pass/fail discrimination of the 
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connection state between each of the component-side pad electrodes and one of the 
substrate-side pad electrodes. 

[0020] An inspecting method for the connection state of the pad electrodes in 
accordance with the present invention, is a method for inspecting the connection 
state of the pad electrodes connected by the above-described connection method. 
This inspecting method is characterized in that the shapes of the solder after each 
of the solder bumps has been melted and flowed on one of the substrate-side pad 
electrodes, are detected by a nondestructive inspection, and that thereby a pass/fail 
discrimination of the connection state between each of the component-side pad 
electrodes and one of the substrate-side pad electrodes is made. 
[0021] By detecting the shapes of the solder after each of the solder bumps has 
been melted and flowed on one of the substrate-side pad electrodes, by a 
nondestructive inspection, in the above-described connection method for the pad 
electrodes in accordance with the present invention, it becomes possible to make a 
pass/fail discrimination, with ease and reliability, of the connection state between 
each of the component-side pad electrodes and one of the substrate-side pad 
electrodes by means of solder bumps. This allows the reliability of mounting of 
surface-mount components to be improved. 

[0022] Another inspecting method for the connection state of the pad electrodes 
in accordance with the present invention, is a method for inspecting the connection 
state of the pad electrodes connected by the above-described connection method. 
This inspecting method is characterized by comprising the step of obtaining an X- 
ray transmission image by radiating X rays from the back surface side of the 
substrate; and the step of detecting the shape of solder after each the solder bumps 
has been melted and flowed on one of the substrate-side pad electrodes, from the 
obtained X-ray transmission image, and thereby making a pass/fail discrimination 
of the connection state between each the component-side pad electrodes and one of 
the substrate-side pad electrodes. 
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[0023] By obtaining an X-ray transmission image by radiating X-rays from the 
back surface side of the substrate, and by detecting, from the obtain X-ray 
transmission image, the shapes of the solder after each of the solder bumps has 
been melted and flowed, a pass/fail discrimination of the connection state between 
each of the component-side pad electrodes and one of the substrate-side pad 
electrodes by means of solder bumps, can be made with ease and reliability. This 
enables the reliability of mounting of surface-mount components to be improved. 
[0024] The connection structure between the pad electrodes in accordance with 
the present invention is a connection structure between each of component-side 
pad electrodes formed on the surface of a surface-mount component opposed to the 
substrate and one of substrate-side pad electrodes formed on the surface of the 
substrate. This connection structure between the pad electrodes is characterized in 
that the substrate-side pad electrodes are arranged inside a component- 
corresponding region, and that the length of each of the substrate-side pad 
electrodes is set to be larger than that of the corresponding component-side pad 
electrode; and that each of the component-side pad electrodes is connected to the 
corresponding substrate-side pad electrode by the melted solder bump flowed 
therein. 

[0025] In the above-described connection structure between the pad electrodes, 
since the substrate-side pad electrodes are formed inside the component- 
corresponding region, short-circuiting among electrodes of surface-mount 
components does not occur even when surface-mount components are mounted at 
a high density. Also, since the length of each of the substrate-side pad electrodes 
is set to be larger than that of the corresponding component-side pad electrode, it 
is possible to make a pass/fail discrimination of the connection state between the 
pad electrodes by detecting the shapes of solder after the solder bumps have been 
melted and flowed, for example, in a nondestructive inspection by X-ray imaging. 
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[0026] In the connection structure between the pad electrodes in accordance 
with the present invention, preferably, the width of each of the component-side 
pad electrodes is set to be larger than that of each of substrate-side pad electrodes. 
[0027] By setting the width of each of the component-side pad electrodes larger 
than that of each of the substrate-side pad electrodes, it becomes possible to make 
the width of the solder bump of each of the of the component-side pad electrodes 
larger than that of the substrate-side pad electrode, when forming a solder bump 
on each of the component-side pad electrodes. This allows the flo wing-in amount 
of solder in the longitudinal direction of each of the substrate-side pad electrode to 
be increased, and thereby enables the accuracy of a pass/fail discrimination of the 
connection state between each of the component-side pad electrodes and one of the 
substrate-side pad electrodes to be improved. Herein, the above-described 
connection structure between the pad electrodes can be obtained by the above- 
described connection method for the pad electrodes in accordance with the present 
invention. 

[0028] The above and other objects, features, and advantages of the present 
invention will be clear from the following detailed description of the preferred 
embodiments of the invention in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Figs. lA and IB illustrate views each showing a state wherein an IC chip 
is placed on a substrate in a process by a connection method for the pad electrodes 
in accordance with a first embodiment of the present invention, wherein Fig, lA is 
a transparent plan view, and Fig. IB is a sectional view taken along the line a-a in 



[0030] Figs. 2 A and 2B illustrate views each showing a state wherein an IC chip 
is placed on a substrate and subjected to reflow soldering in a process by a 
connection method for the pad electrodes in accordance with the first embodiment 
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of the present invention, wherein Fig. 2 A is a transparent plan view, and Fig. 2B 
is a sectional view taken along the line a-a in Fig. 2A; 

[0031] Figs. 3 A and 3B illustrate views each showing a state wherein an IC chip 
is placed on a substrate and subjected to reflow soldering in a process by a 
coimection method for the pad electrodes in accordance with the first embodiment 
of the present invention, wherein Fig. 3 A is a transparent plan view, and Fig. 3B 
is an X-ray transmission image of the X-ray radiated region B in Fig. 3A; 
[0032] Figs. 4 A and 4B illustrate views each showing a state wherein an IC chip 
is placed on a substrate and subjected to reflow soldering in a process by a 
connection method for the pad electrodes in accordance with the first embodiment 
of the present invention, wherein Fig. 4 A is a transparent plan view, and Fig. 4B 
is an X-ray transmission image of the X-ray radiated region B in Fig. 4A; 
[0033] Figs. 5 A and 5B illustrate views each showing a state wherein an IC chip 
is placed on a substrate in a process by a connection method for the pad electrodes 
in accordance with a second embodiment of the present invention, wherein Fig. 
5A is a transparent plan view, and Fig. 5B is a sectional view taken along the line 
a-a in Fig. 5 A; 

[0034] Figs. 6A to 6C illustrate views each showing a state wherein an IC chip 
is placed on a substrate and subjected to reflow soldering in a process by a 
connection method for the pad electrodes in accordance with the second 
embodiment of the present invention, wherein Fig. 6 A is a transparent plan view. 
Fig. 6B is an X-ray transmission image of the X-ray irradiated region Bl in Fig. 
6A, and 6C is an X-ray transmission image of an X-ray irradiated region B2 in 
Fig. 6A; and 

[0035] Figs. 7 A and 7B illustrate views each showing the connection 
configuration of conventional pad electrodes, wherein Fig. 7 A is a plan view, and 
Fig. 7B is a sectional view taken along the line a-a in Fig. 7A. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0036] First Embodiment 

[0037] In this first embodiment, a method for connecting each substrate-side pad 
electrodes 12 and a component-side pad electrode 2 will be described below, 
taking as an example the case where, as shown in Figs. 1 and 2, the component- 
side pad electrodes 2 are formed on a surface opposite to a substrate 1, and an IC 
chip (surface-mount component) 4, wherein solder bumps 3 are formed on the 
component-side pad electrodes 2 thereof, is mounted on the substrate 1, wherein 
the substrate-side pad electrode 12 thereof are formed on the surface thereof. 
[0038] Here, Figs. lA and IB are views showing the IC chip 4 placed on the 
substrate 1, wherein Fig. lA is a transparent plan view, and Fig. IB is a sectional 
view taken along the line a-a in Fig. lA. Figs. 2 A and 2B are views showing a 
state after reflowing, wherein Fig. 2 A is a transparent plan view, and Fig. 2B is a 
sectional view taken along the line a-a in Fig. 2A. 

[0039] Configurations of substrate-side pad electrodes and component-side pad 
electrodes 

[0040] As shown in Figs. 1 and 2, in this embodiment 1, the substrate-side pad 
electrodes 12 are arranged inside the region (component-corresponding region) A 
corresponding to the plan view of the IC chip 4 on the substrate 1, and the size 
(length) LI of each of the substrate-side pad electrodes 12, in the direction 
substantially perpendicular to the outer edge of the component-corresponding 
region A, is set to be larger than the size (length) L2 of the corresponding 
component-side pad electrode, in the direction substantially perpendicular to the 
outer edge of the IC chip 4. 

[0041] Specifically, in the first embodiment, each of the substrate-side pad 
electrodes 12 is an electrode of a rectangular shape in a plan view, having a width 
Wl of 0. 1 mm, and a length LI of 0.2 mm, while each of the component-side pad 
electrodes 2 is an electrode of a circular shape in a plan view, having a diameter 
(= length L2 = width W2) of 0.1 mm. That is, the relation LI > L2 holds. 
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The width W3 and the length L3 of each of the bumps 3 formed on the 
component-side pad electrodes 2 are each 0.1 mm, as well. 
[0042] Meanwhile, in the fhrst embodiment, although each of the substrate-side 
pad electrodes 12 has a rectangular shape in a plan view, and each of the 
component-side pad electrodes 2 has a circular shape in a plan view, other shapes 
may be used instead for both of the substrate-side pad electrode and the 
component-side pad electrode. For example, the shape of the component-side pad 
electrode in a plan view may be a regular polygon shape instead of a circular 
shape, and that of the substrate-side pad electrode in a plan view may be an oval 
or elliptic shape instead of a rectangular shape. 

[0043] Mounting of IC chip (connection between component-side pad electrodes 
and substrate-side pad electrodes) 

[0044] Next, the method will be described for connecting each of the 
component-side pad electrodes 2 and one of the substrate-side pad electrodes 12 
when the IC chip (surface-mount component) 4 is mounted onto the substrate 1 . 
[0045] (1) First, as shown in Figs. lA and IB, the IC chip 4 is positioned so 
that the solder bump 3 on each of the component-side pad electrodes 2 thereof is 
opposed to the corresponding substrate-side pad electrode 12, and placed on the 
substrate 1. 

[0046] (2) Then, the substrate 1 is put into a reflow furnace in its entirety, and 
the solder bumps 3 are melted by heating to a predetermined temperature. 
Thereby, as shown in Figs. 2 A and 2B, the solder bumps 3 are melted to the 
solder 3a flow, and spread over the surfaces of the substrate-side pad electrodes 
12. 

[0047] (3) Thereafter, by solidifying the solder 3a, each of the component-side 
pad electrodes 2 and one of the substrate-side pad electrodes 12 are electrically 
and mechanically connected by the solder 3a, as shown in Figs. 2 A and 2B, and 
thus the IC chip 4 is mounted onto the substrate 1 . 
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[0048] Inspecting method for connection state between component-side pad 
electrodes and substrate-side pad electrodes 

[0049] Next, a method for inspecting the connection state between each of the 
component-side pad electrodes 2 and one of the substrate-side pad electrodes 12 
connected in the above-described maimer, will be described. 
[0050] (1) First, X-rays are irradiated from the back surface side of the 
substrate 1, and thereby the transmission images as shown in Figs. 3 A, 3B, and 
Figs 4 A and 4B, are obtained. 

[0051] (2) Then, the shapes of the solder 3a which has flowed by melting the 
solder bumps 3, are detected from the obtained X-ray images, and thereby a 
pass/fail discrimination (determination) of the connection state between each of the 
component-side pad electrodes 2 and the substrate-side pad electrodes 12 by the 
solder bumps 3 (solder 3a) is made. 

[0052] Here, Figs. 3 A and 4A are each transparent plan views, and Figs. 3B 
and 4B are each X-ray transmission images of the X-ray irradiated region B in 
Figs. 3 A and 4A. 

[0053] As shown in Fig. 3B, if the melted solder 3a has flowed and spread over 
the entire surfaces of all substrate-side pad electrode 12, all of the plural 
component-side pad electrodes 2 will be judged to have been connected to the 
substrate-side pad. electrodes 12 through the melted solder bumps 3 (solder 3a). 
[0054] On the other hand, as shown in Fig. 4B, if substrate-side pad electrodes 
12 (12a) wherein the solder bumps 3 thereof have not spread over the entire 
surfaces of all substrate-side pad electrode 12 after having been melted, are 
detected among all substrate-side pad electrodes, the connection state between 
such substrate-side pad electrodes 12 (12a) and component-side pad electrodes 2 
will be judged as being a failed one. 

[0055] More specifically, after reflowing, if the melted solder 3a has not spread 
over the entire surfaces of all substrate-side pad electrodes 12, the X-ray non- 
transmission portion of the X-ray transmission image will assume substantially a 
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circular shape, while if the melted solder 3a has spread over the entire surfaces of 
all substrate-side pad electrodes 12, the X-ray non-transmission portion of the X- 
ray transmission unage assumes substantially the same shape as that of the 
substrate-side pad electrode 12. Let's take a look now at the region B. With 
regard to the substrate-side pad electrode 12 (12a) wherein the melted solder 3a 
has not spread over the entire surfaces thereof, no X-ray non-transmission portion 
is observed, and the region B is recognized as an X-ray transmission portion as a 
whole, while, with respect to the substrate-side pad electrode 12 wherein the 
melted solder 3a has spread over the entire surfaces thereof, the region B is 
recognized as an X-ray non-transmission portion as a whole. This allows a 
pass/fail discrimination of the connection state to be easily made. 
[0056] Meanwhile, in the first embodiment, since each of the substrate-side pad 
electrodes has a simple rectangular shape in a plan view, the substrate-side pad 
electrodes can be easily formed using printing process or the like, thereby 
reducing the cost thereof. 

[0057] Second Embodiment 

[0058] Configurations of substrate-side pad electrodes and component-side pad 
electrodes 

[0059] Figs. 5 A and 5B are views showing a state in which an IC chip 4 is 
placed on a substrate in a process by a connection method for the pad electrodes in 
accordance with another embodunent (a second embodiment) of the present 
invention, wherein Fig. 5 A is a transparent plan view, and Fig. 5B is a sectional 
view taken along the line a-a in Fig. 5A. Figs. 6 A to 6C are views showing a 
state after reflowing, wherein Fig. 6 A is a transparent plan view. Fig. 6B is an X- 
ray transmission image of the X-ray irradiated region Bl, and 6C is an X-ray 
transmission image of the X-ray irradiated region B2. 

[0060] As shown in Figs. 5 A and 5B, in the second embodiment, the substrate- 
side pad electrodes 12, each being of a rectangular shape in a plan view and 
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having a width Wl of 0.05 mm and a length LI of 0. 2 mm, are arranged so as to 
extend on the inside of the region (component-corresponding region) A 
corresponding to the plan view of the IC chip 4. Herein, the size ( = length) LI of 
each of the substrate-side pad electrodes 12 in the direction substantially 
perpendicular to the outer edge of the component-corresponding region A is set to 
be larger than the size L2 of the corresponding component-side pad electrode 2 in 
the direction substantially perpendicular to the outer edge of the IC chip 4, that is, 
the diameter ( = length) of the component-side pad electrode 2 of a circular shape 
in a plan view, having a diameter of 0. 1 mm. 

[0061] In the second embodiment, the width W2 and the length L2 (= diameter) 
of each of the component-side pad electrodes 2 are each set to 0. 1 mm, and the 
width W3 and the length L3 of each of the solder bumps 3 are each set to 0. 1 mm 
in the same manner as the width W2 and the length L2 of each of the component- 
side pad electrodes 2. On the other hand, the width Wl of each of the substrate- 
side pad electrodes 12 is set to 0.05 mm. That is, the width W2 of each of the 
component-side pad electrodes 2 and the width W3 (= W2) of each of the solder 
bumps 3 are set to be larger than the width Wl of each of the substrate-side pad 
electrodes 12. 

[0062] Other configurations are the same as those of the above-described first 
embodiment, and hence, description thereof will be omitted here to avoid 
repetition. In Figs. 5 and 6, the parts which are given the same reference 
numerals that in Figs, 1 to 4 used in description of the first embodiment, refer to 
the same or equivalent parts. 

[0063] In the second embodiment, although each of the substrate-side pad 
electrodes 12 has a rectangular shape in a plan view, and each of the component- 
side pad electrodes 2 has a circular shape in a plan view, other shapes may be 
used instead for both of the substrate-side pad electrode and the component-side 
pad electrode. For example, the shape of the component-side pad electrode in a 
plan view may be a regular polygon shape instead of a circular shape, and the 
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shape of the substrate-side pad electrode in a plan view may be an oval or elliptic 
shape instead of a rectangular shape. 

[0064] Mounting of IC chip (connection between component-side pad electrodes 
and substrate-side pad electrodes) 

[0065] Next, the method will be described for connecting each of the 
component-side pad electrodes 2 and one of the substrate-side pad electrodes 12 
when the IC chip (surface-mount component) 4 is mounted onto the substrate 1 . 
[0066] (1) First, as shown in Figs. 5 A and 5B, the IC chip 4 is positioned so 
that the solder bump 3 on each of the component-side pad electrodes 2 thereof is 
opposed to the corresponding substrate-side pad electrode 12, and placed on the 
substrate 1. 

[0067] (2) Then, the substrate 1 is put into a reflow furnace in its entirety, and 
the solder bumps are melted by heating to a predetermined temperature. Thereby, 
as shown in Fig. 6A, the solder bumps 3a are melted to the solder 3 flow, and 
spread over the surface of the substrate-side pad electrode 12. 
[0068] (3) Thereafter, by solidifying the solder 3a, each of the component-side 
pad electrodes 2 and one of the substrate-side pad electrodes 12 is electrically and 
mechanically connected by the solder 3a, as shown in Fig. 6A, and thus the IC 
chip 4 is mounted onto the substrate 1. 

[0069] Inspecting method for connection state between component-side pad 
electrodes and substrate-side pad electrodes 

[0070] Next, a method for inspecting the connection state between each of the 
component-side pad electrodes 2 and one of the substrate-side pad electrodes 12 
connected in the above-described manner, will be described with reference to 
Figs. 6 A to 6C. As described above. Fig. 6 A is a transparent plan view. Fig. 6B 
is an X-ray transmission image of the X-ray irradiated region Bl, and Fig. 6C is 
an X-ray transmission image of the X-ray irradiated region B2. 
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[0071] (1) First, X-rays are irradiated from the back surface side of the 
substrate 1, and thereby the transmission images as shown in Figs. 6B and 6C, are 
obtained. 

[0072] (2) Then, the shapes of the solder 3a which has flowed by melting the 
solder bumps 3, are detected from the obtained X-ray images (Figs. 6B and 6C), 
and thereby a pass/fail discrimination (determination) of the connection state 
between each of the component-side pad electrodes 2 and one of the substrate-side 
pad electrodes 12 by the solder bumps 3 (solder 3a) is made. 
[0073] In the second embodiment, since the width W2 of each of the 
component-side pad electrodes 2 and the width W3 (= W2) of each of the solder 
bumps 3 are set to be larger than the width Wl of each of the substrate-side pad 
electrodes 12, the difference in the shapes of the pad electrodes between the 
conditions when solder bumps 3 have not been melted and when the solder bumps 
3 melted to the solder 3a have flowed, can be enlarged. In addition, the length 
(length of X-ray non-transmission portion) of the flowing-in portion of the solder 
bump 3 which has been melted to the solder 3a, onto the surface of each of the 
substrate-side pad electrodes 12, can be elongated. Specifically, in the second 
embodiment, since the width Wl of each of the substrate-side pad electrodes 12 is 
smaller than the size (width) W2 of each of the solder bumps 3, the flowing-in 
length of the solder 3a is larger than in the case of the first embodiment. This 
allows a pass/fail discrimination of the connection state to be made with more 
reliability. 

[0074] Furthermore, by narrowing down the region where X-ray transmission 
images are obtained, from the region Bl in Fig. 6B to the region B2 in Fig. 6C, 
which is narrower than the region Bl, the substrate-side pad electrodes 12 (12a) 
wherein the melted solder 3 a has not spread over the entire surface thereof, comes 
to be recognized as an X-ray transmission region substantially as a whole, with 
only a slight X-ray non-transmission region recognized. As a consequent, it 
becomes possible to identify the substrate-side pad electrodes 12 wherein the 
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melted solder 3a has spread over the entire surface thereof, thereby allowing a 
pass/fail discrimination of the connection state to be easily made. 
[0075] Having a configuration as the above-described second embodiment is 
particularly useful in the case where surface-mount components, wherein the 
arranging pitch of component-side pad electrodes is small, are mounted, since 
such a configuration allows the occurrence of short-circuiting to be prevented. 
[0076] In the above-described first and second embodiments, descriptions have 
been made taking the case where the surface-mount component is an IC chip, as 
an example. However, the present invention may be widely applied to the cases 
where each of the component-side pad electrodes are connected to one of the 
substrate-side pad electrodes for mounting a surface-mount component other than 
an IC chip. 

[0077] In other respects also, the present invention is not limited to the above- 
described first and second embodunents. With respect to the structure and 
material of the substrate, the particular shape, size, and material of the 
component-side pad electrode and substrate-side pad electrode, and the 
configuration and material of the bump, various applications and modifications 
may be made within the true spirit and scope of the invention. 
[0078] As is evident from the foregoing, m the connection method for the pad 
electrodes in accordance with the present invention, the substrate-side pad 
electrodes are arranged inside the component-corresponding region; the length of 
each of the substrate-side pad electrodes is set to be larger than that of the 
corresponding component-side pad electrode; and the surface-mount component is 
placed on the substrate so that each of the solder bumps are opposed to one of the 
substrate-side pad electrodes and the solder bumps are melted by heating. 
Therefore, the solder which flows and spreads over each of the substrate-side pad 
electrodes allows each of the component-side pad electrodes and one of the 
substrate-side pad electrodes to be connected with reliability. 
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[0079] Also, the substrate-side pad electrodes are formed inside the component- 
corresponding region, and hence, even when attempting to mount surface-mount 
components at high density, a high-density mounting can be achieved without 
generating short-circuiting, thereby allowing the miniaturization of the products to 
be met. 

[0080] Furthermore, since the length of each of the substrate-side pad electrodes 
is larger than that of each of the component-side pad electrodes, it becomes 
possible to make a pass/fail discrimination of the connection state of the pad 
electrodes by detecting the shapes of solder (solder bumps) after being melted and 
connected the pad electrodes, for example, in a nondestructive inspection by X-ray 
imaging. 

[0081] Moreover, as in the connection method for the pad electrodes in 
accordance with the present invention, by setting the width of each of the 
component-side pad electrodes larger than that of each of the substrate-side pad 
electrodes, and by setting the width of the solder bump on each of the component- 
side pad electrodes larger than that of the substrate-side pad electrode, the 
flowing-in amount of solder in the longitudinal direction of the substrate-side pad 
electrode can be increased, thereby improving the accuracy of a pass/fail 
discrimination of the connection state between each of the component-side pad 
electrodes and one of the substrate-side pad electrodes. 

[0082] In an inspecting method for the connection state of the pad electrodes in 
accordance with the present invention, since, after the connection of the pad 
electrodes, the shapes of the solder after the solder bumps have been melted and 
flowed over the substrate-side pad electrodes, are detected by a nondestructive 
inspection method, it is possible to make a pass/fail discrimination, with ease and 
reliability, of the connection state between each of the component-side pad 
electrodes and one of the substrate-side pad electrodes by means of solder bumps, 
without risk of destroying the surface-mount component. 
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[0083] In another inspection method for the connection state of the pad 
electrodes in accordance with the present invention, since X-rays are irradiated 
from the back surface side of the substrate to obtain an X-ray transmission image, 
and the shapes of the solder after the solder bumps have been melted and flowed, 
are detected from the obtain X-ray transmission image, a pass/fail discrimination 
of the connection state between each of the component-side pad electrodes and one 
of the substrate-side pad electrodes by means of solder bumps, can be made with 
ease and reliability, thereby allowing the reliability of mounting of surface-mount 
components to be improved. 

[0084] In the connection structure between the pad electrodes in accordance 
with the present invention, since the substrate-side pad electrodes are formed 
inside the component-corresponding region, short-circuiting among electrodes of 
surface-mount components does not occur even when surface-mount components 
are mounted at a high density. Also, since the length of each of the substrate-side 
pad electrodes is set to be larger than that of the corresponding component-side 
pad electrode, it becomes possible to make a pass/fail discrimination of the 
connection state between each of the component-side pad electrodes and one of the 
substrate-side pad electrodes, by detecting the shapes of the solder after the solder 
bumps have been melted and flowed, for example, in a nondestructive inspection 
by X-ray imaging, 

[0085] As in the connection structure between the pad electrodes in accordance 
with the present invention, by setting the width of each of the component-side pad 
electrodes larger than that of each of the substrate-side pad electrodes, it becomes 
possible to make the width of the solder bump of each of the component-side pad 
electrodes larger than that of the substrate-side pad electrode, when forming a 
solder bump on each of the component-side pad electrodes. Thereby, the flowing- 
in amount of solder in the longitudinal direction of each of the substrate-side pad 
electrode can be increased, resulting in an improved accuracy of a pass/fail 
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discrimination of the connection state between each of the component-side pad 
electrodes and one of the substrate-side pad electrodes. 

[0086] While the present invention has been described with reference to what 
are at present considered to be the preferred embodiments, it is to be understood 
that various changes and modifications may be made thereto without departing 
from the invention in its broader aspects and therefore, it is intended that the 
appended claims cover all such changes and modifications that fall within the true 
spirit and scope of the invention. Each of the aforementioned documents are 
incorporated by reference herein in its entirety. 



